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Polymorphisms in the NOD2/CARD15 Gene 
Description 

5 

The present invention regards methods as well as nucleotide sequences used in 
these methods for prognosis and/ or diagnosis of diseases associated with at least 
one of the polymorphisms Nod2-SNP8. Nod2-SNP12, Nod2-SNP13 in the 
NOD2/CARD15 gene and more particularly it regards the selection of suitable 
10 donor-recipient pairs for transplantations dependant on the identified 
polymorphisms Nod2-SNP8 (8), Nod2-SNP12 (12), Nod2-SNP13 (13) in the 
NOD2/CARD15gene. 

The single nucleotide polymorphisms (SNP) 8. 12, 13 in the NOD2/CARD15 gene 
15 are considered responsible for the incidence of Crohn's disease (Hugot JP. 
Chamaillard M, Zouali H, Nature 2001. 411, 599-603; Ogura Y, Bonen DK. 
Inohara N Nature 2001, 411, 603-606). Crohn's disease is a rare, but nonetheless 
devastating, chronically recurrent inflammation of the digestive tract mainly 
affecting the small and the large intestine. The intestinal wall is thickened and 
20 ulcers are caused. 

It is the objective of the present invention to provide methods for the prognosis 
and diagnosis of diseases which may be caused or initiated by the mutations/ 
variants Nod2-SNP8, Nod2-SNP12, Nod2-SNP13 in the NOD2/CARD15 gene. In 
25 particular, it is the objective of the invention to provide methods for predicting the 
likelihood of the incidence of graft-versus-host reactions, sepsis and other 
diseases occurring subsequently to transplantations, wherein the methods are 
used for selecting suitable donor-recipient pairs. 

30 This objective is solved by providing methods according to claim 1. Further 
advantageous embodiments, aspects and details of the invention result from the 
dependant claims, the description, the examples and the figures. 
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The present invention relates to methods for the prognosis and/or diagnosis of 
diseases associated with at least one of the polymorphisms Nod2-SNP8, Nod2- 
SNP12, Nod2-SNP13 in the NOD2/CARD15 gene by detection of the presence of 
at least one of the polymorphisms Nod2-SNP8, Nod2-SNP12, Nod2-SNP13 in the 
5 NOD2/CARD15gene. 

In other words, the present invention regards methods for detecting at least one of 
the polymorphisms Nod2-SNP8, Nod2-SNP12, Nod2-SNP13 in the 
NOD2/CARD15 for the prognosis and/or diagnosis of diseases associated with 
10 this gene defect or respectively with a mutation or respectively with a gene variant 

The NOD2/CARD15 gene has the following Gene Bank Accession Number: 
AC007728 and AQ534686. The nucleotide sequence is available with the help of 
the given accession numbers from the NCBI data base at 
15 http://www.ncbi.nlm.nih.gov/ . 

The N0D2 gene has 3123 nucleotides (1040 amino acids, Gene Bank Accession 
Number NM_022162), (NOD: Nucleotide Oligomerisation Domain) and is located 
in the pericentromeric region of chromosome 16 (16p12-q21). In the meantime, 
20 the name of the gene N0D2 was changed to CARD15 (CARD: Caspase 
Activating Recruitment Domain). Caspases play an important role in apoptosis. In 
addition to the CARD domain, N0D2/CARD 15 has a ATB binding domain. 
NOD2/CARD15 serves as intracellular receptor for bacterial products and 
transduces the signal for the activation of NFkappaB (NF-kB). 

25 

Among others, the single nucleotide polymorphisms (SNPs) Nod2-SNP8, Nod2- 
SNP12, Nod2-SNP13 may occur in the NOD2/CARD15 gene. SNPs are caused 
by a base exchange or insertion of an additional base into the DNA sequence. 

30 SNPS (SNP data base http://www.ncbi.nlm.nih.gov/SNP/index.htmL Accession 
Number ss2978536) refers to a polymorphism in the NOD2/CARD15 gene 
resulting from the C T exchange of the nucleotide in position 2209 
(NM_022162). As a result. R702W is exchanged within the protein. SNP8 is 

MGK-P01 15lWO-US02translation(filed) 



3 



located in chromosome 16 in chromosome position 50523959 (NOD2/CARD15 
Gen - Exon 5). Hugot JP et al., Association of NOD2 leucine-rich repeat variants 
with susceptibility to Crohn's disease. Nature 2001, 411, 599-603. 

5 SNP12 (SNP data base , Accession Number ss2978537) refers to a 
polymorphism in the NOD2/CARD15 gene resulting from the G C exchange of 
the nucleotide in position 2827 (NM_022162). As a result, G908R is exchanged 
within the protein. SNP12 is located in chromosome 16 in chromosome position 
50534573 (NOD2/CARD15 Gen - Exon 9). Hugot JP et al., Association of NOD2 
10 leucine-rich repeat variants with susceptibility to Crohn's disease. Nature 2001, 
411,599-603. 

SNP13 (SNP data base, Accession Number ss2978539) refers to a polymorphism 
in the NOD2/CARD15 gene resulting from one-base insertion of the nucleotide C 
15 in nucleotide position 3124 (NM_022162). SNP13 is located in chromosome 16 at 
the chromosomal position 5054181 1^^50541812. The insertion results in a 
frameshift leading to a reduced N0D2 with 1007 amino acids (Ogura et al.. Nature 
2001,411,603-606). 

20 The following 7 mutants / variants are caused by the above mentioned 
polymorphisms Nod2-SNP8, Nod2-SNP12, Nod2-SNP13: 
mutant 1: mutation due to SNP8 
mutant 2: mutation due to SNP12 
mutant 3: insertion due to SNP13 

25 mutant 4: mutation due to SNP8 and 12, 

mutant 5: mutation and insertion due to SNP8 and 13, 
mutant 6: mutation and insertion due to SNP12 and 13, 
mutant 7: mutation and insertion due to SNP8, 12 and 13. 

30 Surprisingly, it was found that already the presence of one of the aforementioned 
mutations is sufflcient to cause various diseases. The mutations mentioned before 
are for example associated with rejection responses in transplant medicine, graft- 
versus-host diseases, host-versus-graft diseases, sepsis, lung diseases, 
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monocyte dependant and/or macrophage dependant diseases, lymphoma, 
leukemia (acute lymphatic leukemia). 

Monocyte dependant diseases are, among others, diseases caused by monocyte 
5 dysfunctions, such as, for example, monocytoses, inflammations of the heart 
valves, cirrhosis of the liver, monocytic leukemias, Morbus Hodgkin, Non-Hodgkin- 
lymphoma, chronic myeloid leukemia, multiple myeloma, malign histiocytosis, 
ovary tumors, stomach tumors, breast tumors, melanoma, Lupus erythematodes, 
rheumatoid arthritis, sarkoidosis, ulcerative colitis, Crohn's disease, Hand- 
10 Schuller-Christian-Syndrome. Accordingly, macrophage dependant diseases 
comprise diseases caused by a macrophage dysfunction. Among these are for 
example counted cardiovascular diseases. Among the lung diseases are for 
example chronic bronchitis and bronchiolitis obliterans. 

15 Among the rejection responses in transplants are counted particularly 
immunological reactions of the recipient to the donor organ as well as graft versus 
host diseases (GvHD). Such consequences occur after a comparatively long 
period of time after a transplantation and may cause life-threatening 
complications. 

20 

This problem is to be further explained by means of the example of blood stem 
cell transplantation, commonly known as bone marrow transplantation. Particular 
examples for transplantations are spinal cord transplantations, bone marrow 
transplantations, stem cell and blood stem cell transplantations as well as 
25 transplantations of solid organs as for example heart, lung, liver, kidney, pancreas, 
skin, hormone producing glands as well as gonads. 

The blood stem cell transplantation may be used for therapy of different disorders 
of hematopoiesis as well as disorders of the immune system, which may be 
30 caused, for example, by chemotherapies or other therapies with negative effects 
on hematopoiesis. Disorders of the immune system or of hematopoiesis, however, 
may also be inherent or acquired disorders. Problems regarding blood stem cell 
transplantation are particularly likely to occur if the donor is genetically not 
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identical (allogenic donor), since in that case, a double immunological barrier has 
to be passed. Additionally to a possible rejection of the transplanted cells by the 
immune system of the recipient (HvG reaction), immunological reactions of the 
transplant against the recipient (GvH reactions) might occur. 

5 

The accordance of the HLA (human leukocyte antigen) haplotypes of donor and 
recipient is also a factor of significant importance as far as the likelihood of 
rejection responses is concerned. 

10 Among others, the present invention discloses a further significant factor regarding 
the likelihood of rejection responses, namely the presence of at least one of the 
polymorphisms SNP8, SNP12 or SNP13 in the NOD2/CARD15 gene. The 
presence of at least one of these polymorphisms in both the recipient and the 
donor is particularly disadvantageous. 

15 

The graft versus host reaction (GvHR) caused by T-lymphocytes contained in the 
transplant of the donor may lead to a GvHD. GvHD may be acute or chronic. Per 
definition, the acute GvHD occurs within the first 100 days upon transplantation in 
up to 50% of the recipients of a transplant. Chronic GvHD occurs after day 100 in 
20 about 30 - 50% of the allogenic patients who undenvent transplantation. 
According to the symptomatic and clinical laboratory values, GvHD can be 
subdivided in four stages (GvHD-l, GvHD-ll. GvHD-lll, GvHD-IV) with different 
prognoses. 

25 Sepsis is a further severe and often lethal secondary disease occurring after 
transplantation which may be caused, for example, by bacteria transferred 
together with the graft. Every year, an estimated 100 000 people contract sepsis in 
Germany, for 40.000 of them the infection is lethal. Sepsis means that germs 
overwhelm the whole organism and intoxicate the blood, which may lead to a 

30 collapse of kidney, liver and lung. Sepsis is a killer disease caused by bacteria, 
fungi or viruses and may suddenly affect anyone. 
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Clinical studies proved that, surprisingly, sepsis occurs especially if both donor 
and recipient carry one of the polymorphisms SNP8, SNP12 and/ or SNP13. 

Furthermore, it was surprisingly found that already one of the prementioned 
5 mutations is sufficient to cause various diseases associated with a disorder of the 
NF-KB signal transduction pathway. A disorder of the NF-KB signal transduction 
pathway can mean both an inhibition and an activation. The diseases associated 
with a disorder of the NF-KB signal transduction pathway are thus initiated, 
caused, aggravated and/ or triggered by an activation or inhibition of the NF-KB 

10 signal transduction pathway. Among these diseases are counted for example 
various types of cancer with mutations in the Rel/NF-kB/lkB genes as well as 
many other types of cancer with a hyperactivity and or a hyperexpression of NF- 
KB in the tumor cells. Among these diseases are furthermore cardiovascular 
diseases, heart diseases, diseases of the kidney, arteriosclerosis as well as 

15 atherosclerosis. The likelihood of an incidence of such diseases is significantly 
increased upon transplantations, if both recipient and donor carry at least one of 
the polymorphisms described herein. 

The application of the methods according to the invention in pretransplantation 
20 diagnosis is particulariy advantageous. The methods according to the invention 
allow a prognosis of response reactions of the recipient with regard to the donor 
organ as well as of graft versus host diseases (GvHD) and are therefore adequate 
for the selection of a suitable donor organ for a certain recipient. Response 
reactions occur particulariy if both the recipient and the donor carry one of the 
25 mutations 1-7 mentioned above, a fact which will be further explained in detail 
below. 

The methods according to the invention comprise the provision of a sample 
containing the NOD2/CARD15 gene and subsequent analysis of the 
30 NOD2/CARD15 gene for the presence of at least one of the mutations 1 - 7 
described above. Preferably, genomic DNA or cDNA or RNA is used for the 
analysis. 
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Possible samples are blood, salvia/ oral mucosa cells, bone marrow, urine 
sediment punctuation liquid, cell and blood samples, wherein blood samples are 
preferred. 

5 As far as pretransplantation diagnosis is concerned, it is also preferred to examine 
a sample of the recipient, as well as, separately, a sample of the donor. Thus, a 
diagnosis method is particularly preferred which helps to estimate the likelihood of 
the occurrence of graft versus host reactions comprising the following steps 

a) provision of a sample of the donor containing the NOD2/CARD15 gene 
10 as well as a sample of the recipient containing the N0D2/CARD1 5 gene, 

b) detection of the two samples for the presence of one or more of the 
polymorphisms Nod2-SNP8, Nod2-SNP12, Nod2-SNP13. 

The following selection of suitable donor-recipient pairs occurs according to the 
15 principle of risk minimization as far as the likelihood of the occurrence of graft 
versus host reactions is concerned. If the recipient carries more than one 
polymorphism, i.e. if the recipient carries one of the mutations no. 4, 5, 6 or 7, the 
donor should be absolutely free of polymorphisms, i.e. carry none of the mutations 
1-7. The risk that GvHD might occur is particularly high, if both donor and 
20 recipient carry a polymorphism and it is even increased if donor and recipient, 
together, carry more than two polymorphisms, e.g. if the donor carries the 
mutation 5 and if the recipient carries the mutation 1, or if the donor carries the 
mutation 4 and the recipient the mutation 6. 

25 In a preferred embodiment, the method mentioned before comprises the following 
steps: 

a) providing a sample of the donor as well as of the recipient containing 
the NOD2/CARD15gene, 

b) isolating DNA and/ or RNA from both samples, 

30 c) performing separated polymerase chain reactions with specific primers 

for the NOD2/CARD15 gene for isolated DNA and/ or RNA of the 
donor, as well as for the isolated DNA and/ or RNA of the recipient 
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d) examination of the donor's NOD2/CARD15 gene as well as of the 
recipient's NOD2/CARD15 gene for the presence of at least one of the 
polymorphisms Nod2-SNP8, Nod2-SNP12, Nod2-SNP13. 

5 A preferred embodiment of the present invention relates to a method for 
estimating or respectively predicting rejection responses in the recipient after 
transplantation of cells or of an organ. In this method, a sample of the recipient 
and a sample of the donor are provided. The term "sample" is defined above and 
stands in particular for a blood sample. The donor's sample and the recipient's 

10 sample are examined for the presence of the polymorphisms SNP8, SNP12, 
SNP13. Preferably, the examination is carried out by means of isolation of DNA 
and/ or RNA, preferably DNA, from both samples. In order to detect 
polymorphisms, the DNA and/ or RNA isolated from the donor's sample are/ is 
replicated by means of a PGR and subsequently charged with oligonucleotides 

15 with a complementary sequence to the polymorphisms SNP8 or SNP12 or SNP13 
and capable of hybridizing with the section of the NOD2/CARD15 gene containing 
the polymorphisms Nod2-SNP8 or respectively Nod2"SNP12 or respectively 
Nod2-SNP13. Preferably, the oligonucleotides have between 10 and 50 nucleotide 
units (nucleobases). Three types of oligonucleotides are used, namely such with a 

20 complementary sequence to the section of the NOD2/CARD15 gene containing 
the SNP8 polymorphism as well as such with a complementary sequence to the 
section of the NOD2/CARD15 gene containing the SNP12 polymorphism and 
such with a complementary sequence to the section of the NOD2/CARD15 gene 
containing the SNP13 polymorphism. Occurrence of hybridization proves the 

25 presence of a polymorphism. The type of the hybridizing oligonucleotides shows 
which polymorphism is present and whether several polymorphisms are present. 
The PGR is performed with primers which are specific for the NOD2/GARD15 
gene. 

30 In order to replicate the DNA and/ or RNA contained in the recipient's sample, it is 
subjected to a PGR and charged with the same oligonucleotides for the detection 
of polymorphisms. 
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The method according to the invention provides the information whether 
polymorphisms are present in the donor or in the recipient, or in the donor and in 
the recipient. Furthermore, it is possible to determine which and how many of the 
three polymorphisms are present. Depending on the result, the likelihood of 
5 rejection responses in the recipient of the graft may be estimated; thus suitable 
donor-recipient pairs can be selected and the risk of the incidence of secondary 
diseases due to transplantation is minimized. 

Among the secondary diseases or immune reactions are particularly counted 
10 rejection responses upon transplantations, graft versus host diseases, host versus 
graft diseases, lung diseases, monocyte dependant and/ or macrophage 
dependant diseases, lymphoma, leukemia and/ or diseases associated with a 
disorder of the NFkappaB signal transduction pathway. 

15 Experimental studies showed that the presence of one of the polymorphisms 
correlates with an increased incidence of rejection responses upon 
transplantations, graft versus host diseases, host versus graft diseases, sepsis, 
lung diseases, lymphoma, leukemia, monocytoses, inflammations of the heart 
valves, cirrhosis of the liver, monocytic leukemias, Morbus Hodgkin, Non-Hodgkin- 

20 lymphomas, chronic myeloid leukemia, multiple myeloma, malign histiocytosis, 
ovary tumors, stomach tumors, breast tumors, melanoma, Lupus erythematodes, 
rheumatoid arthritis, sarkoidosis, ulcerative colitis, Crohn's disease. Hand- 
Schuller-Christian-Syndrome, cardiovascular diseases, diseases of the heart, 
diseases of the kidney, arteriosclerosis, atherosclerosis, chronic bronchitis and 

25 bronchiolitis obliterans. The methods according to the invention lead to results 
allowing a statement regarding the likelihood of the incidence of the diseases 
mentioned before, in particular, the likelihood of an incidence of one or several of 
the prementioned diseases in the recipient after transplantation. 

30 As described in detail above, after providing a sample containing the 
NOD2/CARD15 gene, the gene is examined for the presence of at least one of the 
mutations 1 - 7 mentioned above or respectively at least one of the 
polymorphisms 8, 12, 13. This examination can be performed according to several 
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different methods, preferably comprising the isolation of DNA from the sample 
with subsequent PGR (Polymerase Chain Reaction) with primers which are 
specific for the NOD2/CARD15 gene. 

5 Primers which may be used are for example the primers described in "THE 
LANCET", 2002, 359. 1661-1665. 

The nucleotides obtained by the PCR may be examined for the presence of the 
mutations using various methods. Among these methods are for example: primer 

10 extension methods, mutation-specific hybridization, ARMS technologies, array 
technologies, chip technologies, DNA sequence analysis, restriction analysis 
(RFLP), single strand conformation polymorphism (SSCP) analysis, denaturing 
gradient gel electrophoresis, temperature gradient gel electrophoresis, denaturing 
HPLC, electrochemical detection methods. The measurement of hybridization 

15 signals of tagged hybridization sequences is particularly preferred. 

Short description of these methods 

Allele specific hybridization of fluorescently tagged DNA-probes (allele specific 
oligonucleotide (ASO) hybridization) is one method used in routine diagnosis for 

20 detecting known SNPs or mutations. This technique comprises the addition of a 
wild type specific and mutation-specific probe to the PCR. the fluorescence of 
which is only visible after decomposition of the probe, which at first is specifically 
bound, by the DNA polymerase during strand elongation (so called exonuclease 
assay). Depending on whether the wild type or an SNP/ mutation is present, 

25 different color signals are obtained which are detected after stimulation by laser 
light in a photo cell. It is advantageous that this method may be partially 
automated, thanks to which a higher number of samples can be processed in a 
shorter period of time. 

30 A more recent method for detecting known mutations or SNPs is 
pyrosequencing, a method developed in Sweden. Similar to classic DNA 
sequence analysis according to the Sanger method (see below), the DNA 
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sequence can be directly analyzed by means of pyrosequencing. The reaction, 
however, is not due to the detection of fluorescence signals of integrated stop 
nucleotides, but to a measurable release of light when the respective, suitable 
nucleotide is inserted into the DNA during strand elongation. More particularly, 
5 hybridization sequences, i.e. oligonucleotides with complementary sequences, 
preferably carrying detection tags, are used for detecting the presence of a 
mutation. 

A further method for analyzing known polymorphisms or SNPs is the detection of 
10 sequence-specific probes by means of LightCycler. Therein, a special reaction 
mixture containing, among others, primers and specific probes is added to a DNA 
template. For the detection of a SNP, a pair of probes consisting of an anchor 
probe and a sensor probe is required. Both probes bind in immediate proximity to 
each other to the sequence to be analyzed. After excitation of the fluorescein 
15 molecule on the anchor probe, an energy transfer to the LC-Red molecule at the 
sensor probe (fluorescence resonance transfer, FRET assay) takes place. The 
light emitted by the sensor probe is measured and indicates whether the probes 
are correctly bound to the target sequence. The genotype is determined by means 
of a melting curve analysis. 

20 

A method which is particularly suitable for the simultaneous detection of several 
known mutations (so called multiplex analysis) consists in the oligonucleotide 
ligation assay (OLA). The OLA is mainly used in step II (examination for the 31 
most frequent mutations) of the CFTR diagnostic. 15 target sections of the CFTR 

25 gene are amplified in a multiplex PGR reaction. The PGR products from the 
multiplex PGR serve as starting molecules for a ligation reaction which is initiated 
by the addition of an OLA reagent. The OLA reagent contains oligonucleotides, 
which are partially fiuorescently tagged, as well as a DNA ligase. 3 types of probes 
are used in the reaction: a) a common probe which is tagged with a fluorescent 

30 colorant (blue, green or yellow) at the 3' end, b) 29 probes which are specific for 
the wild type and c) 31 probes which are specific for the mutations. The common 
probe binds to the target sequence, independent of whether a wild type or mutant 
sequence is present. The wild type probes and mutation probes differ only in one 

MGK-P01 1 51 WO-US02translatjon(filed) 



12 



nucleotide at the 3' end. A so called PEO molecule, the length of which is specific 
for each target sequence that is to be detected, is attached to the 5' end of wild 
type probes and mutation probes. The wild type and mutation probes compete for 
the binding site at the target sequence, wherein only that probe which is exactly 
5 complementary to the target sequence is able to bind. If none of the 31 mutations 
to be analyzed is found, only the wild type probes are bound. If a homozygous 
mutation is present, it's only the mutation probe which is bound. In the case of 
heterozygous mutations, both the wild type and the mutation probe bind to the 
target sequence. DNA ligase links the common wild type or mutation probe after 
10 hybridization to the target sequence. The ligation products can only be detected 
by capillary electrophoresis thanks to their specific length and different 
fluorescence tag of the common probe. 

Thus, the present invention also relates to the oligonucleotides consisting of at 
15 least 10 nucleotide units, having a sequence complementary to the mutation 
SNP8 and/ or SNP12 and/ or SNP13 and being capable of hybridization with the 
section of the NOD2/CARD15 gene containing the polymorphism Nod2-SNP8 
and/ or Nod2-SNP12 and/ or Nod2-SNP13. 

20 Or respectively, the present invention regards oligonucleotides consisting of at 
least 10 nucleotides, wherein the oligonucleotides have a sequence which is 
complementary to the NOD2/CARD15 gene and contain the complementary 
nucleotides to the mutation SNP8 and/ or SNP12 and/ or the nucleotide insertion 
SNP13. 

25 

Such oligonucleotides preferably carry detection tags for the spectroscopic 
analysis or respectively for the fluorescent or chemilumiscent based analysis. 
Furthermore, the oligonucleotides preferably consist of 15 - 50 nucleotide units 
and particularly preferred of 18 - 22 nucleotide units. 

30 

It is the objective of the present invention to furthermore provide a device for 
diagnosing the polymorphisms or respectively mutations of the NOD2/CARD15 
gene. The device is preferably a diagnose chip or microchip containing at least 
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one of the oligonucleotides mentioned before. In this microarray or microchip 
technology thousands of different genes in form of cDNA fragments or gene 
specific oligonucleotides are applied in high density to special carriers, mainly 
consisting of glass or nylon, with the help of robots (=DNA-chips). 

5 

RNA samples may also be used instead of the DNA-samples for the detection of 
the polymorphisms. The RNA based methods require, however, samples of cells 
which also express the NOD2/CARD15 gene. 

10 

Description of the Figures 

Figure 1 shows the cumulative incidence of severe acute GvHD (grade lll/IV) with 
15 reference to NOD2/CARD15 SNPs: R=recipient, D= donor; R & D wt = 

non-mutant wild type SNPs in R and D (n=1 19); R mut, D mut = mutant 
SNPs in recipients only (n = 22); R wt, D mut = mutant SNPs in donors 
only (n=16), R&D mut = mutant SNPs in donor and recipient (n=12). 
The differences where highly significant: p 0.001 for all the groups; 
20 p 0.02 for R mut D wt; p 0.004 for R wt/D mut and p 0.001 for R & D 

mut, if no comparison to mutant R&D took place. 

Figures 2 + 3 show the cumulative incidence of 1 year DIR with reference to the 
NOD2/CARD15 SNPs: wt = non-mutant SNPs both in recipients and 
25 donors; mut = any mutated SNP in donors or recipients or in both. 

Figure 2 shows the HLA-identical sibling grafts; wt: n = 55, mut n = 23 

Figure 3 shows the HLA non related donor grafts; wt: n = 61, mut; n = 25 

30 
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Examples 

Methods 

5 169 successive patients, which were hospitalized for allogenic stem cell 
transplantation, were included in the study. Conditioning and prophylactic 
immunosuppression were carried out according to standard protocols. Reduced 
intensity conditioning (RIC) consisted of fludarabine, BCNU and melphalan. 78 
patients received transplants from HLA-identical siblings (matched related donors, 

10 MRD). 87 patients had no relations to the donors (URD, unrelated donors) and in 
4 patients the donor was a relative, which had one different HLA antigen (RD). In 
the non related donor group, donor/ recipient pairs matched regarding HLA, A, B, 
DRB1 and DQB1 as was determined by a typization by means of low solution for 
class 1 and typization by high solution for class II. In the remaining 23 pairs one or 

15 two allele differences for DRB1 and DQB1 were accepted. The grade of GvHD 
was determined according to the Glucksberg criteria (Glucksberg H et al. 
Transplantation 1974, 18, 295-304). The main variables, such as graft related 
mortality (DIR= death in remission) and causes of death were entered in a monthly 
updated data base. The median observation time for surviving patients or for 

20 patients who died due to a relapse was 450 days (range of 30 - 1767 days), the 
median observation period for patients who died of DIR was 172 days (range of 
14-1065 days). 

25 Collection of DNA samples 

DNA from 169 patients (recipients) and from 168 donors was prepared from blood 
samples according to standard methods at the time of stem cell transplantation, 
frozen and analyzed retrospectively in order to determine the role of 
30 N0D2/CARD1 5 mutations. 

Allelic discrimination of the NOD2/CARD15 gene 
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The single nucleotide polymorphisms NOD2-SNP8, NOD2-SNP12 and NOD2- 
SNP13 were determined by a TaqMan protocol as described in Hampe et al. "THE 
LANCET". 2002, 359, 1661-1665. 

5 Control samples, examined by DNA sequencing were included in each TaqMan 
run. Probes were covalently coupled with a reporter dye 6-FAM or TET at the 5' 
end and the quencher dye TAMRA was coupled to the 3' end of the probe. The 
primers and probes were synthesized by MWG Biotech (Ebersberg, Germany). 
The following primers and probes were used: 

10 

For NOD2-SNP8 polymorphism 

Primer: 1) 5' TTCCTGGCAGGGCTGTTGTC 3' (fonward) 
2) 5" AGTGGAAGTGCTTGCGGAGG 3' (reverse) 
Probe; 1) 5' FAM-CCTGCTCCGGCGCCAGGC- TAMRA 3' 
15 2) 5" TET- CCTGCTCTGGCGCCAGGC - TAMRA 3' 



For NOD2-SNP12 polymorphism 

Primer: 1) 5' ACTCACTGACACTGTCTGTTGACTCT 3' (fonward) 
2) 5' AGCCACCTCAAGCTCTGGTG 3' (reverse) 
20 Probe: 1 ) 5' FAM- TTTTCAGATTCTGGGGCAACAGAGTGGGT - TAMRA 3' 
2) 5' TET- TTCAGATTCTGGCGCAACAGAGTGGGT - TAMRA 3' 



For NOD2-SNP13 polymorphism 

Primer: 1) 5' GTCCAATAACTGCATCACCTACCTAG 3' (forward) 
25 2) 5' CTTACCAGACTTCCAGGATGGTGT 3' (reverse) 

Probe: 1) 5' FAM- CCCTCCTGCAGGCCCTTGAAAT - TAMRA 3' 
2) 5' TET- CCTCCTGCAGGCCCCTTGAAA - TAMRA 3" 

The optimized reaction mixture with a final volume of 10 pi consisted of Universal 
30 Master Mix (PE Applied Biosystems), 400 nM of each primer (forward and reverse, 
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see above), 250 nM of each fluorogenic probe (see above) and the DNA-matrix 
(20 ng/ well). All reactions were carried out in a 384 well plate (Abgene, Epsom, 
UK) and amplified with the help of the thermocycler Primus HT (MWG Biotech). 
The conditions for the PGR cycles were as follows: SOX for 2 minutes, then QS"* C 
5 for 10 minutes followed by 40 cycles of 95'' C for 15 seconds (melting step) and 
60** C for 1 minute. After the PGR run, the released fluorescence was measured 
with the ABI PRISM® 7700 sequence detection system (PE Applied Biosystems, 
Forster Gity, GA, USA). 

10 The sequence detector (SDS version 16, PE Applied Blosystem) recorded 
increases regarding the amount of reporter dye fluorescence over the 40 cycles of 
the amplification. Ghanges in the reporter dye fluorescence of the 6-FAM versus 
changes in the reporter dye TET were determined graphically (homozygous RAM 
versus homozygous TET versus heterozygous FAM/ TET). 

15 

Clinical and statistical analyses 

Three main variables ( DIR at 365 days = 1 year DIR. total grade of severe GvHD 
(grade III/ IV) and stage of gastrointestinal GvHD) were analyzed with regard to 

20 N0D2/ GARD 15 mutations. Cumulative incidence reflecting the competing risk of 
death of other toxicities or recurrence of GvHD and death incidences of 
recun^ence for DIR were calculated for each of these parameters The period of 
time to the clinical event ( DIR/GvHD) was measured from the due day of the SGT 
(stem cell transplantation ) for total GvHD and gastrointestinal GvHD. The clinical 

25 events were included in the model up to day 100 and for one year DIR up to day 
365 after SGT. Gradually multivariant GOX regression models were adapted and 
tested the independent prognostic relevance of NOD2/GARD15 mutations. The 
limit for reverse selective procedures was the error likelihood of 0.2. For the 
multivariant comparison of risk factors for DIR and GvHD, only the age of the 

30 patients, disease stage at the day of transplantation, donor type (HLA identical 
siblings versus URD versus RD) and N0D2/ GARD15 mutation status were 
reviewed. For the analysis of NOD2/GARD15 SNPs, the high risk alleles less 
frequently associated with Crohn's Disease and a limited NF-kB production were 

MGK-P01 151 WO-US02translation(filed) 



17 

defined as mutated alleles, whereas the more frequently observed alleles were 
defined as wild types. For the analyses of the mutations with regard to the clinical 
event, the groups were formed according to 1) incidence of any kind of mutations 
in the recipient and in donors and 2) the incidence of any mutation in the recipient 
5 only, donor only or in both. Due to cumulative incidence competing risk could be 
taken into account, which was calculated with the help of NCSS software (version 
2004); further statistical analyses were carried out with the help of the SPSS 
software (version 1 1 .05). 

10 

Results: 

Frequency of the mutated NOD2/CARD15 alleles: 

15 NOD2/CARD15 mutations occurred with a frequency of 21.8 % in patients and of 
13.7% in donors involved in this study. A homozygous mutation was only 
observed in one patient and in his HLA-identical donor, whereas all the other 
patients and donors carrying mutations were heterozygous,. The calculated 
haplotype frequency for mutated NOD2-SNP8 was 0.056 for recipients (R) and 

20 0.045 for donors (D); 0.021 (R) and 0.009 (D) for mutated NOD2-SNP12; and 
0.027 (R) and 0.034 (D) for mutated NOD2-SNP13. Therefore, the haplotype 
frequencies were close to the range of the controls. This resulted in a total 
percentage of 70.5 % of grafts with both donor and recipient having non-mutated 
SNPs (wild type group). In 22 pairs (13 %), only the recipients carried mutated 

25 SNPs (R mut), in 16 pairs (9.5%) the mutations were observed only in 
donors (D mut), whereas in 12 pairs (7%) both donor and recipient had 
mutations (R&D mut). In our successive cohort of patients, both the donor- 
specific characteristics and the graft-specific procedures were equally distributed 
between patient/ donor pairs with and without mutations. 

30 

Clinical event with regard to the incidence of N0D2/CARD 15 mutations in 
donors and recipients 
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Patients were observed for a median of 16 months (range of 0.5 to 59 months). 
Firstly, we compared the event in patients of the wild type donor/ recipient pair 
(n=119) with the event in patients of pairs with any kind of mutation (n=50). 
Generally, severe GvHD grade lll/IV, severe gastrointestinal GvHD and DIR after 
5 1 year in pairs with NOD2/CARD15 group significantly increased (see table 1) 
compared to the wild type. In both groups patients concerned by relapses died, 18 
of the 119 patients of wild type pairs and 7 of the 50 patients of pairs carrying 
mutations. 

10 There was an increased risk of severe total GvHD in grafts with donor mutations, 
when the mutation was classified according to the incidence in recipient or donor 
or in both. Additionally, the number of total and gastrointestinal GvHD in the small 
subgroups of pairs with mutations in both recipient and donor was drastically 
increased. As shown in table 2, the cumulative incidence of 1 year DIR was 

15 increased from 20% in wild type recipient/ donor pairs to 49% in pairs with a 
recipient mutation (p = 0.03), to 59% in pairs with a donor mutation (p = 0.004) 
and to 83% in pairs carrying a recipient and donor mutation (p = 0.001). Again, 
mortality of patients concerned by recurrences were almost equally distributed in 
these subgroups. 

20 

The strong association of DIR with NOD2/CARD15 mutation was partially 
explained by an increased risk not only of death due to GvHD but also of 
respiratory failures as consequence of diffuse primary or secondary pulmonal 
disorders, whereas in the wild type group only 11/ 30 cases of death (37%) in 
25 remissions were caused by GvHD and respiratory failure. The percentage 
increased to 17/26 (65%) in pairs with NOD2/CARD15 mutations. 

Figure 1 and Table 2 show the cumulative incidence (cum. inc.) of severe acute 
GvHD (grade lll/IV) with regard to NOD2/CARD15 SNPs. Compared to the wild 
30 type (19%), the cumulative incidence was increased to 36% or respectively 44% in 
the case of mutations either in the recipient or in the donor and to 58% in the case 
of mutations in both (R&D mut). 
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Relevance of the observations for HLA-identical siblings compared to non- 
related donor grafts and multivariant analysis of the risk associated with 
DIR. 

5 

The relevance of donor and recipient mutation was compared in tfie different 
immunogenic subgroups involved in this study. Although the correlation of the 
incidence of DIR with N0D2/CARD 15 mutations was more obvious for the HLA- 
identical sibling grafts, a similar tendency could be observed for URD grafts (see 
10 figure 2, table 3). In the URD group the cumulative occurrence of 1 year DIR 
increased from 27% in wild type pairs to 55% in mutant pairs when the recipient 
and donor matched as far as HLA, A, B, DRB1 and DQB1 were concerned. DIR 
increased from 29 % to 50 % in pairs with one or two DRB1 or DQB1 allele 
differences. 

15 

The small group of grafts showing the antigen aberrances had a high mortality and 
thus the role of NOD2/CARD15 mutations in this special subgroup could not be 
assessed. In the multivariant Cox regression analysis, age, donor type and 
NOD2/CARD15 mutations in donors only or in both recipients and donors were 

20 independent risk factors for DIR. As shown in table 4, the hazard ratio for DIR 
after allogenic SCT regarding NOD2/CARD15 mutations was of 2.4 (p = 0.02, 
95 % CI [1.1; 5.0]) for recipient mutations, 2.5 (p = 0.02; 95 % CI [1.2; 5.4]) for 
donor mutations and 6.0 (p = 0; 95 % CI [2.6; 14.1]) in the case of simultaneous 
mutations in both donor and recipient. GvHD (p = 0.006) and NOD2/CARD15 

25 mutations (p = 0) remained significant risk factors for DIR, if the general GvHD 
grade IV was included as a risk factor for DIR in the model. Even if severe GvHD 
grade lll/IV was included in the study, the distribution of the NOD2/CARD15 
mutation remained significant, which confirmed the strong and independent effect 
of the N0D2/CARD 15 mutations on the course of disease (findings) after 

30 allogenic SCT. 
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Table 1: 





Cumulative 


95 % CI 






95 % CI 




Incidence 


Cum. Inc. 


P 


HR 


HR 


GvHD lll/IV 












Wild type 


19% 


13% -27% 




1.0 




mutant 


44% 


32 % - 60 % 


0.001 


2.7 


1.5-4.9 


Gl GvHD 












Wild type 


18% 


12 % - 27 % 




1.0 




mutant 


40% 


28 % - 56 % 


0.004 


2.5 


1.4-4.7 


DIR 1 year 












Wild type 


20% 


14% -29% 




1.0 




mutant 


58% 


45 % - 75 % 


0 


2.8 


1.7-4.9 



Table 1 shows the univariant analysis of the cumulative incidence of acute GvHD 
grade lll/IV, gastrointestinal GvHD stage 2-4 and 1 year DIR. Patient/ 
donor pairs with non-mutated (wild type) NOD2/CARD15 (n=119) were 
compared to the pairs with recipient or donor mutations (mutated, 
n=50). Cox-regression was used to compare the groups and to analyze 
hazard ratios. 



Table 2: 





Cumulative 

Incidence 


95% CI 
Cum. Inc. 


P 


HR 


95 % CI 
HR 


GvHD lll/IV 












Wild type 


19% 


13% -27% 




1.0 




R pos 


36% 


21% -61% 


0.07 


2.1 


0.9-4.7 


D pos 


44% 


25% - 76% 


0.002 


2.8 


1.2-6.5 


R & D pos 


58% 


36% - 94% 


0.002 


3.9 


1.7-9.2 
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Gl GvHD 












Wild type 


18% 


12% -27% 




1.0 




R pos 


36% 


21 % - 63 % 


0.07 


2.1 


0.9-4.8 


D pos 


31 % 


15% -65% 


0.16 


2.0 


0.8 - 5.3 


R & D pos 


56% 


36 % - 94 % 


0.001 


4.3 


1.8-10.1 


DIR 1 year 












Wild type 


20% 


14 % - 29 % 




1.0 




R pos 


49% 


31 % - 76 % 


0.03 


2.2 


1.1 -4.6 


D pos 


59% 


38 % - 91 % 


0.004 


3.1 


1.4-6.5 


R & D pos 


83% 


65% -100% 


0.001 


3.9 


1.7-8.6 



Table 2 shows the detailed cumulative incidence for GvHD grade lll/IV, 
gastrointestinal stage 2-4 and 1 year DIR with regard to donor and 
recipient NOD2/CARD15 mutations. Wild type non-mutated donors and 
5 recipients (n=119). R pos = mutation only in recipients (n=22), D pos = 

mutations only in donors (n=16); R&D pos = mutations both in 
recipients and in donors (n = 12). Cox regression was used in order to 
compare the groups and to analyze hazard ratios. 

10 Table 3 shows the univariant analysis of the cumulative incidence of 1 year DIR in 
patient/ donor pairs with wild type NOD2/CARD15 compared to pairs 
with either recipient mutations (R pos) or donor mutations (D pos) as 
well as mutations in both (R&D pos). Separate analysis were carried 
out for HLA-identical sibling transplantation and URD grafts. The 

15 comparison between the groups was carried out with the log rank 

analysis. 95 CI confidence intervals. 
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Table 3: 





Cumulative 


95% CI 






95% CI 




Incidence 


Cum. Inc. 


P 


HR 


HR 


nLA-la.SIDI. 












Wild type 


14 % 


18% -42% 




1.0 




(55) 


74 % 


49 % - 100% 


0 


7.9 


2.6-24.0 


R pos (9) 


58 % 


27%- 100% 


0.022 


4.9 


1.3-18.9 


D pos (6) 


75 % 


50%- 100% 


0.004 


6.4 


1.8-23.0 


R & D pos (8) 












1 iRn 












Wild type 


28% 


18% -42% 




1.0 




(61) 


36% 


14 % - 73 % 




1.1 


0.4 - 3.3 


R pos (13) 


31 % 


13% -100% 




2.4 


0.9-6.5 


D pos (9) 


56% 


100 % 


0.01 


4.2 


1.4-12.5 


R & D pos (4) 













Table 4 shows the multivariant risk factor analysis for 1 year DIR. Relevant 
5 patient and donor pre-graft characteristics were compared to 

NOD2/CARD15 mutations in recipients (R pos), donors (D pos) and 
both (R&D pos). 

10 Table 4: 





N 


Incidence 




95% 








DIR 1 year 


Risk 


CI 


P 


Age 












up to 40 years 


58 


15 


1.0 






from 40 years 


111 


38 


2.2 


1.1 -4.0 


0.02 


Stage with Tx 












early 


95 


27 


1.0 






advanced 


74 


26 


1.3 


0.7-2.2 
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Donor type 












HLA = sibl. 


78 


20 


1.0 






not related 


87 


29 


1.7 


0.9-3.2 




HLAdf.rel. 


4 


4 


10.7 


3.4 - 33.3 


0 


NOD2/CARD15 












Wild type 


119 


26 


1.0 






R pes 


22 


10 


2.4 


1.1 -5.0 


0.02 


Dpos 


16 


9 


2.5 


1.2-5.4 


0.02 


R & D pes 


12 


8 


6.0 


2.6-14.1 


0.001 
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